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(54) CYLINDER LINER FOR ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cylinder liner wherein 
the generation of a clearance at a boundary face of a cylinder 
liner and a cylinder block is prevented to suppress the 
deformation of the cylinder liner, the adhesion of a hard plating 
is improved, and sufficiently satisfactory workability can be 
obtained. 

SOLUTION: In the cylinder liner of an engine cast to the 
cylinder block made of an aluminum alloy, the coefficient of 
thermal expansion of the cylinder liner is 90% or less of the 
coefficient of thermal expansion of the cylinder block. The 
percentage content of Si of the cylinder block is 7-12 wt.%, and 
as to the cylinder liner, a rapid cooled casting material 
containing 20-30% Si is subjected to vacuum sintering, and hot 
extrusion into a pipe state, thereafter favorably applied with Ni- 
P plating containing SiC. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The cylinder liner of the engine characterized by the coefficient of thermal expansion of said 
cylinder liner being about 90% or less of a coefficient of thermal expansion of a cylinder block in the 
cylinder liner of the engine which the cylinder block which consists of an aluminium alloy cast-wrapped. 
[Claim 2] For said cylinder liner, said cylinder block is the cylinder liner of the engine according to claim 
1 characterized by consisting of an aluminium alloy containing a 20 - 30mass% Si and 0.05 - 2.0mass% 
Cu including 7 - 12mass% Si. 

[Claim 3] Said cylinder block is the cylinder liner of the engine according to claim 1 or 2 characterized 
by the remainders being aluminum and an unescapable impurity including a 7 - 12mass% Si and 1 - 
4mass% Cu. 

[Claim 4] The cylinder liner of the engine according to claim 1, 2, or 3 characterized by performing 
nickel-P plating which contains SiC in the inside of said cylinder liner. 

[Claim 5] Said cylinder liner is a cylinder liner of the engine according to claim 2, 3, or 4 characterized 
by consisting of an aluminium alloy whose remainders are aluminum and an unescapable impurity Mn:0.1 
- 4mass% Cr:0.04 - 0.35mass% Mg:0.1 - 1.5mass% including any one or more sorts in Fe nickel:1 - 
4mass% and not more than 2.0mass% further. 

[Claim 6] The cylinder liner of the engine according to claim 1, 2, or 3 characterized by having formed 
the sliding surface with the piston by cutting in the inside of a cylinder liner, and the primary phase Si 
being exposed to said sliding surface. 

[Claim 7] Said cylinder liner is a cylinder liner of the engine according to claim 6 characterized by having 
consisted of 0.6 - 5.0mass% Fe and an aluminium alloy whose remainders are aluminum and an 
unescapable impurity, and the intermetallic compound of Fe-aluminum-Si being further exposed to said 
sliding surface Mn:0.1 - 4mass% Cr:0.04 - 0.35mass% Mg:0.1 - 1.5mass% including any one or more 
nickel:1 - 4mass% sorts. 

[Claim 8] The manufacture approach of the cylinder liner of an engine given in either of claims 1-7 
characterized by to have the step which produces the rapidly-solidified-powder end of said cylinder 
liner ingredient, the step which fabricates a billet from said end of rapidly solidified powder, the step 
which forms a cylindrical cylinder liner by extrusion molding and cutting processing from said billet, the 
step to which hard facing of said cylinder liner carries out by heat treatment, the step which cast-wrap 
the cylinder liner after said heat treatment with a cylinder block, and the step which heat-treat said 
cast-wrapped cylinder liner. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is cast-wrapped and relates to the cylinder liner of the engine of 

structure. 

[0002] 

[Description of the Prior Art] A cylinder block is formed with the casting object of an aluminium alloy for 
the formation of engine lightweight, a cylinder liner with high abrasion resistance is cast-wrapped in a 
cylinder bore, and the engine which performed hard plating to the inside of this cylinder liner is used. 
[0003] The former cast-wraps, and the cylinder liner of structure cast-wraps the cylinder liner of the 
shape of a cylinder which becomes the cylinder block which consists of a die-casting Plastic solid of an 
aluminium alloy from an aluminium alloy, and performs hard plating to a piston sliding surface. The 
ingredient which performed solution-ized high temperature aging (T6 processing etc.) to the ingot 
extrusion material of a presentation like Si:9-10.5, Fe:0.3, Cu:2.5-3.5, Mg:0.5-0.8, Mn:0.3, Cr:0.2, Zn:0.2, 
and aluminumibal. as a base material of this cylinder liner was used. In this case, it was thought that as 
near the thing of the coefficient of thermal expansion of the relation top cylinder liner which heat- 
treats, and a cylinder block as possible was desirable, and about the material selection of a cylinder 
liner, the presentation was chosen so that the coefficient of thermal expansion of a cylinder block might 
be approached. 

[0004] the chemical composition of the conventional cylinder liner — Si:10%, Fe:0.3%, and Cu: — 3%, 
Mg:0.8%, Mn:0.3%, Cr:0.2%, Zn:0.2%, and aluminum — and unescapable — it is the impurityremainder (all 
numeric values are mass%). 
[0005] 

[Problem(s) to be Solved by the Invention] However, with the ingredient of the conventional cylinder 
liner, as shown in drawin g 14 , a part of junction interface between a cylinder liner 10 and the cylinder 
block 11 which cast-wraps this might exfoliate, and the clearance 12 might be produced. The following 
things can be considered as this cause. 

[0006] The coefficient of thermal expansion cast-wrapped the ingredient of the conventional cylinder 
liner, and it was an equal mostly with the coefficient of thermal expansion of the aluminium die-casting 
alloy which is **. Therefore, cooling contraction is carried out, after it cast-wraps, and a cylinder liner 
once expands by heat conduction from a molten metal by the cooling process of a process to the 
cylinder block side of aluminum die casting moving the contact interface with a cylinder liner to an inside 
side by solidification shrinkage (liquid-solid transformation) and the heat shrink, it surrenders by bolting 
of aluminum die casting in an elevated temperature and an interface moves to an inside side. For this 
reason, when it returns to ordinary temperature, the outside surface of a cylinder liner cast-wraps and 
is moving to the inside side from the front surface location. When this movement magnitude exceeds the 
amount of contraction of aluminum die casting, a clearance will be generated in an interface. In addition, 
it is assumed that the junction force is not acting on an interface here. If the junction force of an 
interface is large enough, distortion of the part will be accumulated into an ingredient as internal stress 
without producing a clearance. 

[0007] If above exfoliations or clearances 12 are generated, the backup force which cast-wraps and 
supports a cylinder liner from a tooth back by the existence of a clearance in inside processing of the 
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next cylinder liner 10 varies, and the bending rigidity of a cylinder liner differs partially. The clearance 
section is dented in the thrust of processing and the roundness and cylindricity by bore grinding stop 
thereby, entering in predetermined tolerance. For this reason, a possibility that smooth piston sliding 
actuation may be spoiled is produced. 

[0008] Furthermore, by partial existence of a clearance, heat conduction became an ununiformity, the 
inside configuration of a cylinder carried out heat deformation during engine operation at the 
ununiformity, and it had become the cause which causes increase of oil consumption, and the fall of an 
engine performance and endurance. 

[0009] On the other hand, a cylinder liner is cast-wrapped and surface hardening by T6 processing etc. 
is alone performed before a process. Since it cast-wraps after the surface hardening in this simple 
substance and heat treatment at a process is performed, cylinder liner surface hardness falls in the 
annealing operation by heat treatment of a process after this. In order to compensate such a degree- 
of-hardness fall, the element for degree-of-hardness enhancement, such as Fe (iron) which raises the 
reinforcement in an elevated temperature, and Cu (copper), is added. 

[0010] However, Fe and Cu which are the alloying element which raises such reinforcement reduce the 
adhesion of hard plating on the front face of a cylinder liner. Therefore, if many Fe(s) and Cu(s) are 
added in order to maintain the hard facing condition by T6 processing etc., a possibility of hard plating 
becoming easy to separate and doing a bad influence for plating exfoliation during processing or engine 
operation at a lifting, piston actuation, or an engine performance will be produced. Such a problem is 
similarly produced, when omitting T6 processing and adding degree-of-hardness enhancement elements, 
such as Fe, for the simplification of a manufacture process. 

[001 1] Moreover, while preventing the fall of adhesion when forming a cylinder liner, and alloying 
elements, such as Fe and Cu, raise reinforcement, it is required to raise workability, such as 
machinability, and to maintain sufficiently good extrusion-molding nature. 

[0012] On the other hand, the cylinder liner of the engine which formed the sliding surface by cutting is 
indicated by the patent No. 2932248 official report, without plating to the inside of a cylinder liner. Thus, 
if a sliding surface is formed by cutting, the problem of plating peeling will not be produced. The cylinder 
liner concerning a patent given [ this ] in an official report is formed with the aluminum-Si alloy 
containing 3.0 - 4.5mass% Cu. Moreover, about Fe, the a maximum of 0.25 mass% alloy or the 1.0 - 
1.4mass% alloy is used alternatively. 

[0013] However, in a cylinder liner given [ above-mentioned ] in a patent official report, from the 
balance of the content of Cu and Fe, extrusion nature cannot fall, and productivity cannot fully be 
raised, and there is fear of a degree-of-hardness fall at the time of cast. 

[0014] When making it into a cutting sliding surface, this invention aims at offer of the cylinder liner of 
the engine equipped with the sufficiently good extrusion nature and degree of hardness, while raising the 
adhesion and acquiring sufficiently good workability, when hard plating is performed, while preventing 
generating of the clearance between the interfaces of the cylinder liner and cylinder block which it cast- 
wrapped in consideration of the above-mentioned conventional technique and suppressing deformation 
of a cylinder liner. 
[0015] 

[Means for Solving the Problem] In order to attain said purpose, in this invention, the cylinder liner of 
the engine characterized by the coefficient of thermal expansion of said cylinder liner being about 90% or 
less of a coefficient of thermal expansion of a cylinder block is offered in the cylinder liner of the engine 
which the cylinder block which consists of an aluminium alloy cast-wrapped. 

[0016] According to this configuration, generating of the clearance between the interfaces between the 
cylinder block which consists of a casting object of aluminum die casting, and the cylinder liner which 
this cast-wrapped is prevented by making the coefficient of thermal expansion of a cylinder liner smaller 
10% or more than the coefficient of thermal expansion of a cylinder block. This is checked 
experimentally. 

[0017] In the desirable example of a configuration, said cylinder block is characterized by consisting of 
an aluminium alloy with which said cylinder liner contains a 20 - 30mass% Si and 0.05 - 2.0mass% Cu 
including 7 - 12mass% Si. 

[0018] According to this configuration, using ADCs 10-12 (Si content: 7 - 12mass%) as a cylinder block 
ingredient, by being the aluminium alloy with which the ingredient of a cylinder liner contains 20 - 
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30mass% for Si, the ratio of the coefficient of thermal expansion of the cylinder liner to a cylinder block 
can be made about 90% or less, and, thereby, generating of the clearance between interfaces can be 
prevented, for example. 

[0019] Moreover, while maintaining sufficient degree of hardness by making Cu content of a cylinder 
liner ingredient into 0.05 - 2.0mass%, good extrusion workability can be acquired. 

[0020] In the desirable example of a configuration, said cylinder block is characterized by including a 7 - 
12mass% Si and 1 - 4mass% Cu. 

[0021] Since according to this configuration 1 - 4mass% Cu is included while a cylinder block contains 7 

- 12mass% Si as mentioned above, sufficient reinforcement is obtained while keeping the workability of a 
cylinder block good. A possibility that reinforcement may run short of Cu less than [ 1mass% ] arises, 
and if 4mass% is exceeded, a possibility that workability may fall will arise. 

[0022] In the still more desirable example of a configuration, it is characterized by performing nickel-P 
plating which contains SiC in the inside of said cylinder liner. 

[0023] According to this configuration, hard plating by nickel-P pfating which contains SiC in a cylinder 
liner inside is formed without maintaining adhesion good and exfoliating, and smooth sliding actuation of 
a piston is obtained. 

[0024] In the still more desirable example of a configuration, said cylinder liner is further characterized 
by consisting of an aluminium alloy whose remainders are aluminum and an unescapable impurity Mn:0.1 

- 4mass% Cr:0.04 - 0.35mass% Mg:0.1 - 1.5mass% including any one or more sorts in Fe nickel:1 - 
4mass% and not more than 2.0mass%. 

[0025] according to this configuration — Mg, Cr, Mn, nickel, and Fe — specified quantity ******** — 
proper reinforcement and a proper degree of hardness are obtained by things. While being able to raise 
high temperature strength by adding Fe, nickel, and Mn enough especially, the adhesion of plating is 
maintained good by making Fe addition into less than [ 2.0mass% ]. Moreover, if a content exceeds 
Mg:1.5%, Cr:0.35%, Mn:4%, and nickel:4%, respectively, workability and toughness will fall. 
[0026] In another desirable example of a configuration, a sliding surface with the piston by cutting is 
formed in the inside of said cylinder liner, and it is characterized by the primary phase Si being exposed 
to said sliding surface. 

[0027] When forming a piston sliding surface in the inside of a cylinder liner by cutting, while securing 
the abrasion resistance of a sliding surface by exposing a primary phase Si according to this 
configuration, a piston front face and the sliding surface with few wear operations to the piston ring can 
be obtained. 

[0028] In the still more desirable example of a configuration, said cylinder liner is characterized by the 
intermetallic compound of Fe-aluminum-Si being exposed to said sliding surface including Fe not more 
than 5.0mass% at more than 0.6mass%. 

[0029] According to this configuration, without producing the problem of plating exfoliation in the sliding 
surface by cutting which does not plate, while making Fe fully contain and raising reinforcement, a 
primary phase Si and the intermetallic compound of Fe, aluminum, and Si are exposed, and while 
securing the abrasion resistance of a sliding surface enough [ further ], a piston front face and a sliding 
surface with few wear operations to the pan to the piston ring can be obtained. 
[0030] At less than 0.6%, reinforcement and abrasion resistance with them are not obtained for Fe. 
[ there are few intermetallic compounds of Fe-aluminum-Si, and sufficient ] When reinforcement and 
abrasion resistance are taken into consideration, 2.0% or more of Fe is desirable. Conversely, also as 5% 
or more, reinforcement and abrasion resistance hardly change. 

[0031] The step which produces the rapidly-solidified-powder end of said cylinder liner ingredient as the 
manufacture approach of obtaining the above-mentioned cylinder liner in this invention. The step which 
fabricates a billet from said end of rapidly solidified powder, and the step which forms a cylindrical 
cylinder liner by extrusion molding and cutting processing from said billet, The step to which hard facing 
of said cylinder liner is carried out by heat treatment, and the step which cast-wraps the cylinder liner 
after said heat treatment with a cylinder block, The manufacture approach of the cylinder liner of the 
engine characterized by having the step which heat-treats said cylinder liner which it cast-wrapped is 
offered. 

[0032] According to this configuration, magnitude of a primary phase Si particle can be set to about 5 
micrometers or less by 20 micrometers or less and average at the maximum using the end of rapidly 
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solidified powder by forming a bell shape cylinder liner for this by the hot-extrusion method after 
sintering solidification. Machinability and the adhesion of plating improve with such a detailed primary 
phase Si grain. 
[0033] 

[Embodiment of the Invention] With reference to a drawing, the gestalt of operation of this invention is 
explained below. Drawing 1 is the top view of the cylinder block with which it cast-wrapped the cylinder 
liner concerning this invention. 

[0034] The cylinder bore 3 to which a piston (un-illustrating) slides on each gas column of the cylinder 
block 2 of a multiple cylinder engine 1 is formed, and a cylinder liner 4 is cast-wrapped and formed in 
each cylinder bore 3. 5 is a bolt for combining with the cylinder head (un-illustrating), and 6 is a cooling 
jacket. The hard plating coat 7 is formed in the inside (piston sliding surface) of a cylinder liner 4. 
[0035] In this invention, a cylinder liner 4 and the cylinder block 2 which cast-wraps this cast-wrap, and 
a clearance does not occur in the interface 8 between section 2a, but adhesion junction is carried out 
good so that it may explain below. Moreover, the plating coat 7 is certainly stuck to the inside of a 
cylinder liner 4, and does not produce exfoliation etc. 

[0036] Drawin g 2 is the graph of the experimental result which shows the relation of the amount of 
clearances when cast-wrapping and forming the coefficient of thermal expansion of a cylinder liner, and 
this. The experiment was conducted by changing the coefficient of thermal expansion of a cylinder liner 
by changing the Si content using the aluminium alloy which contains Si as an ingredient of the cylinder 
liner which cast-wraps and this cast-wraps, using an aluminium die-casting alloy (ADC: coefficient-of- 
thermal-expansion 20x10-6/degree C) as a near ingredient. An axis of ordinate is the amount 
(micrometer) of clearances, and shows the ratio of the coefficient of thermal expansion of a cylinder 
liner [ as opposed to / as opposed to / in the bottom side of an axis of abscissa / the coefficient of 
thermal expansion of a cylinder liner / ADC in the surface ]. 

[0037] The amount of clearances becomes so small that the coefficient of thermal expansion of a 
cylinder liner is small, the coefficient of thermal expansion of a cylinder liner becomes small to extent 
which does not almost have a possibility of causing processing deformation at 90% or less of the 
coefficient of thermal expansion of aluminum die casting, and the amount of clearances becomes zero 
mostly at 80% or less so that a graph may show. 

[0038] Drawing 3 is a graph which shows the relation between Si content in an aluminium alloy, and a 
coefficient of thermal expansion. A coefficient of thermal expansion becomes almost low to a linear, so 
that a graph may show and the amount of Si increases. From the relation between this graph and the 
graph of the amount of clearances of drawin g 2 , what (Si content is made [ many ]) Si content of a 
cylinder liner is adjusted for to Si content of an aluminium die-casting alloy shows that the amount of 
clearances is made to zero. 

[0039] Drawing 4 is drawing which measured the amount of clearances when constituting the cylinder 
liner in a system engine from conventional material A and this invention material B. 
[0040] the presentation of the conventional material A — Si: 10%, Fe:0.3%, and Cu: — 3%, Mg:0.8%, 
Mn:0.3%, Cr:0.2%, Zn:0.2%, and aluminum — and unescapable — it is the impurityr.emainder (all numeric 
values are mass%). 

[0041] The presentation of this invention material B (i) Si:20-30%, Cu:0.05-2.0% however, if Cu affects 
the adhesion of plating practically neither according to plating material, nor other presentation material 
or plating conditions, about 0.2% or about 0.2 to 2.0% are desirable — If Cu is made [ many ], a degree of 
hardness and reinforcement will increase. Fe: Less than [ 2.0% ], aluminum, and an unescapable impurity : 
(Material v) nickel:1-4% of the above (iii) including material (iv) Mn:0.1-4% of the above (ii) including 
material (iii) Cr:0.04-0.35% of the above (i) containing remainder (ii) Mg:0.1-1.5% It is the alloy of the 
above (iv) to include. 

[0042] Here, in order that Si may adjust a coefficient of thermal expansion, it is an element for the 
improvement in abrasion resistance, and Cu, Mg, and Mn are the elements for reinforcement and 
degree-of-hardness adjustment Although Fe generally raises high temperature strength, the upper limit 
of the content for securing the adhesion of a plating coat as an impurity element here is defined. 
Moreover, Cr is the alloying element for adjustment of toughness. 

[0043] The amount of clearances was able to be mostly made into zero from 55-100 micrometers by 
replacing with this invention material B the ingredient of the cylinder liner which it cast-wraps by 
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ADC10 from the conventional material A so that this drawing 4 might show. 

[0044] In the experiment, the aluminium die-casting alloy of ADCs 10-12 (Si content: 7 - 12mass%) was 
cast-wrapped, it considered as **, and the ingredient with which a presentation becomes (Si:20-30%, 
Cu:0.05-2.0%, less than [ Fe:2.0% ], aluminum, and unescapable impurity:remainder) was turned as an 
ingredient of the cylinder liner which this cast-wraps in the end of rapidly solidified powder, shaping 
solidification was carried out and this was used. By using such an ingredient, the ratio of the coefficient 
of thermal expansion of the cylinder liner to an aluminium die-casting alloy became about 90% or less, 
and it has prevented that a clearance was generated. 

[0045] Drawin g 5 is a flow chart which shows the manufacture process of the cylinder liner concerning 
the operation gestalt of this invention in the case of performing plating processing. 
Step SI: Produce the end of rapidly solidified powder using the ingredient of the above-mentioned 
cylinder liner. The quenching solid-state cooled with the cooling rate more than square K (absolute 
temperature) of per second 10 is said this end of rapidly solidified powder. At this step S1, an ingredient 
component is adjusted, it dissolves, this is fine-particles-ized by the air atomizing method, and recovery, 
sorting, and inspection are conducted. 

[0046] Step S2: Fabricate a billet. Here, after inspecting a powdered presentation and grain size first, 
filling up a rubber die with this and performing hydrostatic-pressure pressurization between the colds, 
vacuum sintering is carried out and the billet of a predetermined configuration is produced. By carrying 
out sintering solidification of such end of rapidly solidified powder, the magnitude of a primary phase Si 
particle can make it 20 micrometers or less at the maximum. Such a detailed primary, phase Si particle is 
not obtained by the usual ingot material (casting) (refer to the detailed organization photograph of 
solidification material and ingot material in drawin g 6 : the end of rapidly solidified powder by the optical 
microscope). If Si content is the same, the more a primary phase Si particle will become detailed, the 
more machinability and the adhesion of plating improve ( drawin g 7 : refer to relation between plating 
adhesion and primary phase Si mean particle diameter). For example, in the ingredient which added 15 - 
35% of Si to the basic presentation of a 6000 system alloy, good plating adhesion is acquired by setting 
Si particle size to 20 micrometers or less. 

[0047] Step S3: Form the bell shape shell which was made to carry out heating softening of the billet, 
and continued by extrusion molding. At this time, whenever [ stoving temperature ] is 425-520 degrees 
C. This shell is cut and the material of a cylinder liner is formed. Here, good extrusion workability is 
acquired by making the content of Cu 2% or less among the alloy contents of a cylinder liner (extruding 
[ Draw ing 8 : ] with Cu content refer to sexual relation). Moreover, by stopping Cu low, the solidus line 
can be kept high and it is effective in preventing generating of tearing. 

[0048] Step S4: Perform surface hardening by T6 processing. This T6 processing is first formed into a 
heating solution (whenever [ stoving temperature ] 545 degrees C), and carries out water quenching of 
this. Once it carries out aging treatment at 180 degrees C after that, natural air cooling is carried out. In 
addition, T-four processing which does not perform 1 80-degree C aging treatment depending on an 
ingredient may be performed. 
[0049] Step S5: Inspect electrical conductivity. 

Step S6: Carry out processing processing of the end face and inside of a cylinder liner flat and smooth, 
and carry out processing processing of the external surface if needed. 

[0050] Step S7: Equip the metal mold of a cylinder block with a cylinder liner, cast-wrap with an 
aluminium die-casting alloy, and perform fabrication. Although accompanied by heat treatment by the 
molten metal at this time, since the element for the moderate improvement in on the strength of Fe, Cu, 
etc. is added as mentioned above, a degree of hardness does not fall. 

[0051] Step S8: Perform and graduate a machine grinding process to the inside of a cylinder liner. 
Step S9: Perform alkaline degreasing after washing by the acid, form an alumite coat as surface 
treatment, and perform distributed plating processing of nickel-P-SiC. In this case, good plating 
adhesion is acquired by making the content of Fe of a cylinder liner alloy into 2% or less ( drawing 9 : 
refer to relation between Fe content and plating adhesion). 

[0052] Step S10: Make a precise dimensional tolerance to the inside of a cylinder liner by honing. About 
the degree of hardness, machinability, and honing nature of this plating coat, as shown in the following 
table 1, the sufficiently good experimental result was obtained. 
[0053] 



http://www4.ipdl. ncipi.gojp/cgi-bin/tran_web_cgLejje 



2005/07/15 



TH/S PAGE BLANK 



(USPTOJ 



JP.2002-361398.A [DETAILED DESCRIPTION] 



6/8 ^— V 



[Table 1] 
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[0054] Next, the mechanical property of the cylinder liner by this invention is explained. As this 
invention ingredient, the mechanical property is shown in Si, 0.7%Fe, and the above-mentioned table 1 
0.25% 25% about Cu, 0.7%Mg, and T6 material of the charge of the cylinder liner material made from an 
aluminium alloy that added Cr 0.2%. 

[0055] If an aluminium alloy does not perform T6 processing, since the degree of hardness of a matrix is 
not high enough, it may cause use top trouble. Moreover, even if it performs T6 processing in the state 
of the simple substance of a cylinder liner material configuration, it will be in the condition near the 
condition of after that having cast-wrapped and having been again solution-ized in the process, and as 
shown in the following table 2, sufficient degree of hardness and reinforcement will no longer be 
obtained. 
[0056] 
[Table 2] 

IS*©SS^« (HRB) 



&&*til 




40 


32 



[0057] As a cure on this problem, it is effective to add Cu, Fe, nickel, Mn, etc. These alloying elements 
have the effectiveness which carries out bottom raising of the degree of hardness of a matrix by solid 
solution strengthening. For this reason, even after cast-wrapping after T6 processing and passing 
through a process, it is possible sufficient degree of hardness and reinforcement to be not only 
maintainable, but to omit the T6 processing itself. If heat treatment is omitted, it not only can reduce 
heat treatment cost, but abolition of the distortion accompanying heat treatment or correction and the 
dissolution of heterogeneity can be aimed at, and it can realize improvement in quality to coincidence. 
[0058] However, it became clear from the experimental result that addition of Fe spoiled the adhesion of 
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plating as shown in the following table 3. This is the process of the alumite coat formation currently 
performed as surface treatment of plating, and can consider that the effect of Fe addition in a base 
material has appeared. 
[0059] 
[Table 3] 



Fegtfng 
(mass%) 


0 


1.0 


1.5 


2.0 


4.0 




OK 


OK 


OK 


OK 


NO 



[0060] With this operation gestalt, the adhesion of plating is maintained good by making this Fe content 
less than [ 2mass% ] or additive-free. 

[0061] Next, the physical property of the cylinder liner of this invention is explained. Youngs modulus 
becomes, and as 6061 -25Si which constitutes the cylinder liner of this invention was shown in the 
above-mentioned table 1, in the consistency, compared with the ingredient of the conventional cylinder 
liner, thermal conductivity has become -22% +9% -6%. Lightweight-ization is attained because a 
consistency is small. That Youngs modulus is high raises rigidity and it acts advantageously to 
deformation. Moreover, although heat conductivity is falling, not affecting an engine performance is 
checked by the thermometry in the system. 

[0062] This invention is applicable also to the cylinder liner which forms not only a cylinder liner but the 
piston sliding surface which performs plating processing to a piston sliding surface by cutting, and does 
not prepare a deposit. 

[0063] This is for a primary phase Si and the intermetallic compound of Fe, aluminum, and Si to be 
exposed to a front face with processing like the after-mentioned while the extrusion nature of the 
cylinder liner alloy of this invention is good, the degree-of-hardness change by heat treatment is small, 
and a sufficiently smooth sliding surface is obtained by cutting, since workability is excellent. 
[0064] If it sees about extrusion nature, according to ****, the relative extrusion nature of various 
aluminium alloys is indicated in the table 2 at the volume [ of the Japan Institute of Metals report / 
21st ] No. 1 (1982) time of P1 1-P18 "the factor which governs the extrusion nature of an aluminium 
alloy, and it." According to this table, to the extrusion nature of the base alloy of the conventional 
material, the becoming alloy 2014, and an alloy 2024 being 20 and 15, respectively, the extrusion nature 
of the base alloy of the development material of this invention and the becoming alloy 6061 is 60, and 
good extrusion nature is obtained compared with the conventional material, and it can raise productivity. 
As one of the cause of this, since there are few Cu contents of the development material of this 
invention compared with the conventional material (for example, the above-mentioned patent 2932248th 
presentation), they extrude, and they are considered that a sex improves. 

[0065] If Jt sees about degree-of-hardness change by heat treatment, as shown in drawing 1212 , the 
degree-of-hardness change a of the development material of this invention depended for annealing is 
small compared with the degree-of-hardness change b of the conventional material. Moreover, the 
degree-of-hardness value itself is improving compared with the conventional material, in addition — 
annealing — it is heat treatment supposing ******. Thus, processing maintained and stabilized can do 
sufficient degree of hardness by suppressing degree-of-hardness change. 

[0066] Drawing 1 3 is a detailed organization photograph by the optical microscope on the front face of 
grinding at the time of forming the piston sliding surface of a cylinder liner by the grinding process. As 
shown in a photograph, the primary crystal of Si and the intermetallic compound of Fe, aluminum, and Si 
are exposed to a grinding front face. Thereby, while securing enough the abrasion resistance of the 
sliding surface by the grinding process, a piston front face and the sliding surface with few wear 
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operations to the piston ring can be obtained. 

[0067] In addition, when the abrasion test which rubs the pin which consists of SKD11 to each of the 
trial plate of the conventional material and the trial plate of development material for the comparison of 
the amount of wear of the conventional material and the development material of this invention, and 
measures the amount of wear was performed, to having worn out about 5.5 micrometers of the 
conventional material, the abrasion loss of the development material of this invention is about 4 
micrometers, and it was checked that the development material of this invention is excellent in abrasion 
resistance. 
[0068] 

[Effect of the Invention] As explained above, in this invention, generating of the clearance between the 
interfaces between the cylinder block which consists of a casting object of aluminum die casting, and 
the cylinder liner which this cast-wrapped is prevented by making the coefficient of thermal expansion 
of a cylinder liner smaller 10% or more than the coefficient of thermal expansion of a cylinder block. 
Thereby, the deformation at the time of processing is prevented and the roundness and cylihdricity of a 
cylinder liner improve. It will be as follows if it summarizes. 

[0069] 1 . Improvement in cylinder process tolerance : even if it prevents generating of the clearance 
between the interfaces of the cylinder liner and cylinder block which it cast-wrapped and the thrust at 
the time of cutting of a cylinder liner inside acts, deformation of a cylinder liner can be suppressed. 
Thereby, since the adhesion unification of the cylinder liner is carried out at a cylinder block and fitness, 
the rigidity of a cylinder liner increases, process tolerance can improve, the yield can increase, a 
processing percent defective can be reduced, and productivity can be raised. 

[0070] 2. reduction [ of cylinder bolting deformation ]: — since the adhesion unification of the cylinder 
liner is carried out with a cylinder block — the time of bolting — many — degree deformation — 
especially the 4th component decreases ( drawing 10 : refer to the deformation comparison of this 
invention material liner at the time of cylinder bolting, and the conventional material liner). Consequently, 
the flattery nature and seal nature of the piston ring improve, and oil consumption decreases sharply. 
[0071] 3. Thermally conductive improvement : by having raised the adhesion of a cylinder liner, heat 
transfer from a combustion chamber can be performed certainly, and uneven deformation, printing by 
the local temperature rise, etc. are prevented. Moreover, thermal conductivity is maintainable to the high 
level by restricting the content of Fe of the ingredient component of a cylinder liner (refer to relation 
between the amount of Fe(s) in drawing 1 1:6061 -25Si, and thermal conductivity). 
[0072] 4. Lightweight-izing : since an ingredient with specific gravity small about 6% can be used 
compared with the former, lightweight-ization by the ratio as it is is attained. 

[0073] 5. Improvement in cylinder rigidity : since an ingredient with the Young's modulus of a cylinder 
liner high about 9% can be used compared with the former, the deformation at the time of processing 
and an engine drive is controlled. Furthermore, without causing a fall on the strength, the content of Cu 
can be made small, extrusion nature can be raised, and productivity can be raised. Moreover, the 
content of Fe can be adjusted proper, and can be cast and a sliding surface can be formed by the 
grinding process which suppressed the degree-of-hardness fall at the time, and was stabilized. 
[0074] Moreover, while securing enough the abrasion resistance of the sliding surface by the grinding 
process when forming a sliding surface by the grinding process, and the primary crystal of Si and the 
intermetallic compound of Fe, aluminum, and Si make it expose to a grinding front face, a piston front 
face and the sliding surface with few wear operations to the piston ring can be obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] This invention is started, and it cast-wraps and is the block diagram of a cylinder liner. 
[Drawing 2] The graph which shows the coefficient of thermal expansion of a cylinder liner, and the 
relation of the amount of clearances. 

[Drawing 3] The graph which shows the relation between Si content in aluminum alloy, and a coefficient 
of thermal expansion. 

[Drawing_4l Drawing which compared the conventional material and this invention material of the amount 
of clearances in a system engine. 

[Drawing 5] The flow chart of the cylinder liner manufacture approach of this invention. 

[Drawing 6] The photograph which compared the primary phase Si particle by ingot material and the end 

of rapidly solidified powder. 

[Drawing 7] The graph which shows the relation between plating adhesion and primary phase Si particle 
size. 

[Drawin g 8] The graph which extrudes with Cu content in a material and shows sexual relation. 
[Drawing 9] The graph which shows Fe content and the relation of the adhesion of a plating coat. 
[Drayyingj_0] Drawing showing the effectiveness of the liner material deformation exerted on the 
deformation at the time of cylinder bolting. 

[Drawing 11] The graph which shows the relation between Fe content in 6061 -25Si, and thermal 
conductivity. 

[Drawing 12] The graph of the degree-of-hardness change by heat treatment. 

[ Drawing 1 3] The microphotography on the front face of a grinding process of the development material 
by this invention. 

[Drawing 14] The explanatory view showing clearance generating in the conventional cylinder liner. 
[Description of Notations] 

1 : an engine, 2:cylinder block, and 2a: — cast-wrapping — the section, 3:cylinder bore, 4:cylinder liner, 
5:bolt, 6:cooling jacket, and 7: — a hard plating coat, 8:interface, 10:cylinder liner, 11:cylinder block, and 
12:clearance. 
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[0 0 4 1] *§£BmB<Dmf$,\*. 10 
( i ) Si:20-30%, Cu:0. 05-2.0% (fc/£U Cult* ^ 

2-2. 0%SJtA<»^ LlV Cu^< r*ttf«* ■ 9lKA< 
K**) . Fe:2.0%]^T. Al fccfctf^Wffltt^tttt. : » 

(ii) Mg:0.1-1.5%£#fc\hf2 (i) a>fft*t 

(iii) Cr:0. 04-0. 35%£*t;±fS (ii) Offttf 

(iv) Mn:0. 1-4%£*t;±IE (iii) (Dfft# 

(v) Ni:1-4%£*i;±IE (iv) (D^£ 20 

[0042] ::t\ s i i*f»JK3i«a*ISS-r4fctf) 

l/MnliaJtteJ:tfafiBfiffl(D7C*-eft4o Feli- 

[0043] C0)i4^b»^l>cl:3l^ ADC10T' 

ttBIZftAidtlZcfc y % RgPplfi* 5 5-1 OO/imAN 

[0 O 4 4] S|j»|Ctet\T. ADC10-12 (Si* 
: 7~ 1 2m a s s %) (7)7^S -^A^Y^X h 

(Si: 20-30%. Cu: 0.05-2.0 
%. Fe:2.0%felT. Alft*tf7TOtt?ttft : B*U fcft 

fc. CCDcfcd*»*4^ffll>^CtlCet T>US -OA 

y-r** h«*iz»-r*vu >?7-<ta)!»i|»«»(D 40 

Jt¥rf><l5IS9 0%J2lTlcfty . »IH»<±i:*Z tSB&ih 
[00.45] H5li. y ^*«31tfTa5**a>**BH 



[0 0 4 6] Xf^S2 : fL/*> b£titm?Z>o C C 
fcl* (I9 6 : 3fe^H«flllzJ:43&»aHI95RH<b*tt» 

fltta>«iuut*jc#B) . s i^mmtmcv&ti 

LM ^4r<Dffi»tt*<Rl±-r4 (17 : > ^*SB*tti*0 
as i V«Stft^a<7>Hfl6#ra).o 6000M 
*(D«*lfllifcl3 1 5~3 5%<DS i *»ttlLfc»»lzfc 

i>r, s i *a&£2 o/*mjaT<h-f &c<tT*. S»fc* 

[0 0 4 7] 7f7^S3 : tf U £ JmSSBrtb $-&X 

6o Z<Di:#J!nij|ftaSI4 4 2 5r~5 2 0°CT't>^o C<7) 

■C. •> U >y7^f +(D*4flt»0) 5 % C u 0)tM* 2 
°/b£lTlz-fZ>ZtizJ: y % fi»fc#HJLtoXte*<»&*i 
& (B8 : C u#^S^ffl{±JLtt(D||^#8B) o *fc* 

■cu ctizcfcy. i«tt«<«octtf 

T?£. f7'J >^(7>f§^*|»ih^^Si!)^*fe^o 
[0 0 4 8] Xf^S4 : T 6 ffiaiCcfc4*ffiflHb«ft 

ISJSto :®T6Mii *-r*l»*tWb L umm& 

S545°C) , C*l**«A*l-rft. *0>&-H 1 8 0 

otit i 8 o°ccofta«iai*fT*5ftL^T4aia*sfiL 

[0 0 4 9] Xf^S5 : BSeSffiOttS* ffft 

[0050] Xf7^S7 : v >J >^^D £ OD^BI:: 
i/U>y7^tS8tlt7;i/5-^^*^ h*£ 

i3*y«a^a»»x*ff3. co>t**aic*«iiMB 
[oo5i]xf^s8: i/U >y^-f-*-a)rtfflfc« 

Ml<i:Lt7;i/7^ h&IK*®J«L. N i -P-S i 

^*»»tt3S«»6*l* (B9 : Fat«i^;tM 
[0 0 5 2] Xf^S 1 0 : v U -f T^OOP^® * 
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* v*&.m<D&m. ttM&£*cta— =>?&i=-3i*t [0053] 





Al-25Si-0.7Fe-0.25Cu- 
0.7Mp-0.2Cr j 




Al- 10Si-3Cu 




(1 0-/10) 


17 


< 


21 


(g/cm 3 ) 


2.68 


< 


2.84 


mmrnm. cw/mio 


142 


< 


184 




(GPa) 


84 


> 


77 


®3 (HRB) 


78 




74 






B0 




m& 


tb-D^nm^m. chv) 


568 - 699 




607-718 



















[00 5 4] afcic^sewi-^s^yvy^-r^tDaaw 
ttKrcoL^rittiH-r*o **wtt»tir, 25%s 

i, 0. 7%Fe, O. 25%Cu, 0. 7 %M g , 

o. 2%c r *»inLfcr;u5— ^a$*»*>ij 

$ 1 |C^$*|/CI*S 0 30 
[OO 5 5] TJUS-^A^&I*. T6ffia*«S$3S:lt 

XS*<7)iEJS*fl: (HRB) 



[0 0 5 6] 
[S2] 







40 


32 



[0057] ca>iHHi=»f*»*t it, cu. f 
ztommTtmi*. @jsanbfc«fcoT^ h'j^x<D«ffi$ 

sre*si**y-efc< % »ffi»c#5«-v>»jEa>BSji:. 



[0 0 5 8] L**U MRttX^y* FeCDSftltt* & 

[0059] 

[*3] 



$#§32002-361398 



(mass%) 


0 


1.0 


L5 


2.0 


4J0 




OK 


OK 


OK 


OK 


NO 



[0060] ^mmmmVit. :OFe^I?2ma 
S6061-25S i I*. 8(1310)^1 IZTFtfc^lC. 

>y*i*+9%. j»esu£i*-2 2%t^otMo ffi 

So 

[OG6 2] tfxhvSill^^+fiii^ 

[0063] c*u*. **BBa)i/'j>y^-f-*-*ft<D» 
»&4x*fct tiz.. axle* y mwiz&mo)* 5 izfejs 

[0 0 6 4] £tj Lt4lCOl>T^*llS. B 

ffi^2 1 (1982) pi 1-P18 rr;us 

-^A**0)»ai*pxtt4:**i*3tiB-r«H^J 

2 Ofccfctfl 5-efcS0>fZ»L. ^BBOOlMflSW©^— 40 
x£*£fc«^A6061(DffaJttl*6 Otrfey. t£3fc*tfc 

[oo6 5] a»«iaizj:y«fiiE4bizoL^r^*tii. m 

«<bal* % tt**r0>«ffiJ6<bblzJ±K/]x^tA o 51 



[0066] mi 31*. v'j^-ftpexhvgi 

ffi^WBMnxiCcfc y«fiKLfc»^CDWffl«S<D3fe^HflS 
WfilJSHlCS i <7>— %tMJS<):UfF e t A I , Si <D& 

mmit&ytfym&Lxi^o c+uccty. w»j*nxfc«fc 

[0 0 6 7] &**tt*§£BMO>m§£tt<DmH&<D 

Is— h<0ft*f::»U SKD1 1 ^&ft«e^s»yo 

s»**?i4^mT*fcy, #«§^a>Bfl%tri*jH«^ttizfiti 

[0 0 6 8] 

ftcfcy 1 o%m±']>* <-r*ctfz-j:y, -^a 
»fi*ttfc*>y >y7^-t-t<Diwa)*ffi-e<Dttm(Di6± 

lUTOiiy-cfeSo 

[0 0 6 9] 1. i/'J >y*0X«JKO>Rj± : «&*ixfc 

-f 7>a>mtt^w* y . apx«jt36<Rj± ur*B* y *<K 
*y»x^A**«**-B:r±jti4SKtf)*zt^-e# 

So 

[0070] 2. s/y>y«*tctK»a>«»: *>y>y 

7^WvU >y^P^^tffi»-{*:<b**L«fcto. t$ 
«rtB»0>»**». fclC 4 (HO: 
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[007 1] 3. SftejSttOXSl-h : v'J>^5-C±(7)ffi 
£Ul^mizm.ftX'2:Z> (01 1 : 6061-25Sif::fclt£> 

f emtf&mmm<Dm&&m) „ 

[0 0 7 2] 4. &*<t : ftSEIZtt-i, ifcS)!><$<J 6 
[0 0 7 3] 5. V'J>^fflt40)(S]Ji : «^|Cib-<> > 

[0 0 7 4] Sfc. W9IJJDXIZJ: y gib® £Jfesfi£T&*§ 
£\ BfB'JSffifZS i (D-^jg^fccblXF e, A I . S i 
©&JSRfHb^8j*<giii $ 1* -S C £ iz «fc y , Bf»J»DXlc J; 

[0B«>ffi*ftttiill] 

[01] **wi^*ea^*>'j >^-f^ro«^ 
[02] ->y ^*^^T<j)®m*&&Mtmm&(r>mvb 



[0 1 ] 




[0 3] A I £*l=fclf *S i #*fi,!:S&ligSgfig&a> 
[05] *nma>i' l )>4ri<i-M&taia>7a-* 

-V- ho 

tie] £Ktt£ft*8H!»3Kf::j:fttgas ltt?£ 
[07] > «D*S i 

77. 

[08] »«4>a>cu$«>^fftB-Ltta)nfl(«$^- 

[0 9] F e t«t> ^^BlOtittlOHflitf 

[sio] '>>)>?mttim<D$zmzR&+^4->-vt 

[011] 6061-25Silzfcl+^F o#^fiiJSftejg* 

[si2] mmmiz£$>mm£it<»7?7 0 

20 [013] *fgB^|c«fc^g8^*t(DW»JJjDXSffi(»^g)[ 

in. 

[014] (*3feros/y >^7^icfcit5i®ra3S±£ 

*"TUiB^0o 

1 : X>v>. 2 : 5/iJ>y7P»^ ( 2 a : 
SB. 3 : v'J^tKT, 4 : vUi/^-ft, 5 : tK/U 
K 6 : ^t<T7 K 7 : H> -v^M. 8 : J?. 
I. 10: *>y>^-f:K 1 1 : V'J^Sf^D-y?, 

1 2 : mrno 



[0 2] 




I 1 : I : i I 

12 14 16 18 20 
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ti5] 



[B6] 



CJtarO 



S1 



S2 



S3 



S4 



~1 — 



S5 



X 



86 



S7 



S8 



X 



X 



S10 




(A) »3fcJ&Jf2#iai* 




CB) tmim 
(«««) 



( 10 ) 
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[07] 



[is] 




20 40 
[09] 



60 




0 2 4 6 

Al-2SSj^r&#<OTfe#%SCmflss%> 

[011] 





0 2 4 6 

Al-25Si^*C0Ca^%g(mass%) 

im i o] 

(a) swttt* ■<■*"- (b) tt**^*- 







1 2] 




T1 *<t*U T4 T6 

mum^j^mat<D&{t (hrb> 



( 11 ) 
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(51) lnt : CI. 7 

F 1 6 J 10/04 
// C 2 2 F 1/00 



6 3 0 

6 5 0 

6 8 3 

6 9 1 

6 9 4 



F I 

F 1 6 J 10/04 
C2 2F 1/00 



6 3 O D 

6 5 O 

6 8 3 

6 9 1 B 

6 9 4 B 



(72)*B» &m 

»M*»fflr|T»ra2500#i6 Y^/n^M*! 

(72)a6W# a 

(72)»H# fsgj^ a 

XJMB&JIIBXaJII^TS 2#20-5§- B* 



(72) 

fl*m!ft£sm9ra2500Si& -V^/\agBi« 

30 (72)^B^# fi# 

flf^ll^fflmilTM2500#«i -V^/v 

F$— 3G024 AA21 AA26 FA06 FA13 FA14 
GA02 GA08 GA10 GA18 GA22 
HA07 HA19 
3J044 AA10 AA18 BA04 BC12 BC15 
DA09 EA01 EA02 
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